soluble proteins. Euglena chloroplasts appear to be especially sensitive to high concentrations of sucrose.
The rate-zonal method utilizing isosmotic gradients of Ficoll, a polymer of sucrose, has been described for the separation of structurally intact Euglena chloroplasts (23) . Although this was the first report of the separation of intact Euglena chloroplasts on density gradients, the method has several drawbacks, including the limited capacity of gradients in rate-zonal separations, the extreme viscosity of dense solutions of Ficoll, and the substantial expense of Ficoll in the case of large scale and routing separations.
Silica sols are an alternative, nonosmotic gradient material well suited to the separation of cellular (13, 17) and subcellular particles, including chloroplasts (8, 12, 15, 19) . Indeed, Morgenthaler et al. (15) have recently described the isolation of photosynthetically competent, structurally intact chloroplasts from spinach by centrifugation in gradients of the silica sol, Ludox AM, supplemented with PEG. 4 Our initial attempts to isolate intact Euglena chloroplasts on the gradient of Morgenthaler et al. (15) were largely unsuccessful, but we ultimately found, as described below, that a combination and modification of the procedures of Vasconcelos et al. (23) and Morgenthaler et al. (15) yields Euglena chloroplasts which are structurally intact by several criteria and active in lightdriven protein synthesis.
MATERIALS AND METHODS
Preparation of Crude Chloroplasts. Euglena gracilis (Klebs) strain Z (Pringsheim) was grown photoheterotropically on modified Hutner's medium as described previously (23 8.4 (3) . Reaction mixtures of 0.8 ml, containing chloroplasts corresponding to approximately 120 ,ug of Chl, were equilibrated with gentle agitation for 3 min in a constant temperature water bath at 20 C in the dark.
At zero time, 10 Al (52 ,iCi) of L-(35S)methionine (New England Nuclear, NEG-009), corresponding to a specific radioactivity of 158 Ci/mmole on the day of the experiment, were added, and the system was illuminated with red light from four 250-w incandescent photoflood lamps filtered by cellophane that transmits above 640 nm, with an approximate light intensity of 2000 ft-c at the reaction vessels. At the indicated times, 50-Al aliquants were transferred in duplicate to Whatman No. 3 filter paper discs (2.5 cm diameter), processed according to the methods of Bollum (2) , and assayed by liquid scintillometry. D-threo-Chloramphenicol (Sigma) was added to some trials at a final concentration of 300 MM. Dark controls were wrapped with aluminum foil. All solutions and glassware were sterilized with the exception of the Ludox-PEG-BSA solution, which was prepared fresh.
RESULTS
When crude chloroplasts were sedimented into the silica gradients, four Chl-containing zones could be discerned (Fig. 1) . Chloroplasts were present principally in zones III and IV while the minor component, zone II, and the sample zone, I, were composed mainly of chloroplast fragments and smaller particles. The mean densities of zones III and IV were 1.1 and 1.127 g/cm3, respectively. The linearity of the density gradient is shown in the lower portion of Figure 1 .
On the basis of several criteria (see below) the chloroplasts of zone IV were 85 to 93% intact, whereas chloroplasts of zone III were less than 50% intact. Yields of intact chloroplasts (zone IV) corresponded to approximately 20 to 30% of the Chl layered on the gradients. of the chloroplast. The distribution of this enzyme along the gradient shown in Figure 1 indicate that most of the activity was associated with chloroplasts of zone IV. Low but repeatable activities were found in zone IH, the sample zone, and in the pellet, which contained large cell fragments and paramylum.
Electron photomicrographs (Fig. 2) of zone IV preparations show intact chloroplasts with electron dense stroma between agranal lamellae, numerous ribosomes, and entire envelope membranes (6) . In contrast, the membranes of zone III, while clearly derived from chloroplasts, appear highly distended. The major contaminants of zone IV were thylakoid membranes and swollen chloroplasts, some of which may have resulted from fixation and embedding procedures (10) . Pellicle fragments and mitochondrial profiles were seen occasionally on some grids.
An independent biochemical measure of intactness can be obtained by comparing ferricyanide-dependent 02 evolution by chloroplast preparations before and after osmotic shock (8) . This assay depends on the impermeability of intact chloroplast envelopes to ferricyanide. Light-dependent protein synthesis can be used as a further measure of the structural and functional integrity of chloroplasts. Chloroplasts from zones Ill and IV were tested for the incorporation of L-(35S)methionine into trichloroacetic acid-insoluble material in the light and in the dark. The largely intact chloroplasts from zone IV incorporated at a rate of 0.16 nmole/mg Chl.hr during the interval of most rapid uptake (3-10 min in Fig. 3 ). On the basis of Chl content, the finai level of lightdriven incorporation by zone IV chloroplasts is more than double that of zone III chloroplasts. This value agrees closely with the fractions of intact chloroplasts in these two preparations, -plantlPhysiol. Vol as estimated from the Hill activity assay (Table I ). Dark controls of zone IV chloroplasts incorporated methionine at rate less than 20% of those in the light. When treated with D-threochloramphenicol, zone IV chloroplasts incorporated methionine in the light at rates less than 13 % of the untreated controls.
DISCUSSION
We have described a method for the isolation of structurally intact and partially active chloroplasts from Euglena gracilis in substantial yield and high purity. We attribute the success of this method to several factors. Rapid removal of the chloroplasts from the crude cell brei and maintenance of the chloroplast preparation in the mildly hypertonic braking mix throughout the isolation procedure were essential. The use of isomotic gradients of the silica sol eliminated osmotic shrinkage and subsequent damage to the chloroplasts upon dilution to isotonic conditions, a problem that appears to be unavoidable when sucrose gradients are used for isopycnic separations. The inclusion of Ficoll in the breaking mix (23) (10-80% [v/v] Ludox) that define a steeper slope than the gradient we have described and thus has a lower resolving capacity for organelle and organelle fragments with similar sedimentation behaviors. Second, the spinach gradient contains Mg, which causes clumping of Euglena chloroplasts, and includes EDTA, which has been reported to cause structural damage to the chloroplasts of Euglena upon prolonged exposure (18) . Finally, as the chloroplasts of Euglena sediment in the spinach gradient, they are removed from the protective effect of Ficoll.
On the basis of ultrastructure, the intact chloroplasts obtained in this study were indistinguishable from chloroplasts of whole cells. Although Rates of protein synthesis by Euglena chloroplasts in vitro have been reported as high as 12.9 nmoles/mg Chl (40 min) (7) . These rates, however, were obtained in the dark with a highly supplemented assay mixture including an ATP-generating system and 13 hot amino acids. The over-all low rates of methionine incorporation in this study may be explained by the total reliance of the chloroplasts on endogenous amino acids (except methionine) and inorganic phosphate pools, as well as other protein synthesis factors. Energy requirements for protein synthesis in this assay system may be supplied mainly through photosystem I (20) , since photosystem II was not operational under these assay conditions. We believe this assay system gives a more reliable indication of chloroplast functional integrity with regard to protein synthesis than a highly supplemented assay mixture such as that used by Harris et al. (7) .
Protein synthesis by the intact chloroplasts was almost completely inhibited by D-threo-chloramphenicol, which is known to be specific against the 70S ribosomes. This level of inhibition coupled with the light dependence for incorporation are indications of protein synthesis by chloroplasts rather than by cytoplasmic ribosomes.
Kahn and von Wettstein (9) first reported that higher plant chloroplasts when viewed by light microscopy could be distinguished as either intact, with no clearly visible grana and a definite outline, or as broken, showing distinct grana and no definite outline. These observations have been routinely used to obtain a firsthand approximation of the relative amounts of intact chloroplasts in given preparations (10, 22) , and with many higher plant chloroplasts, this criterion holds quite well. However, our experience with Euglena chloroplasts in vitro has been that, while a chloroplast that was clearly blebbing off membranes could be readily distinguished as broken, the remainder of the chloroplasts could not always be classified as intact. Indeed, an apparently broken chloroplast which appeared dark and indefi-ISOLATION OF EUGL ported the use of phase contrast microscopy as a means of estimating the fraction of intact chloroplasts from Euglena, we have found this method unreliable. The method described for the isolation of Euglena chloroplasts has several advantages over previously reported ones. The nonosmotic properties of the inexpensive silica sol gradient material and the consistently high yields of structurally intact and partially active chloroplasts should make this method generally applicable for further studies of Euglena chloroplasts in vitro.
